O ver the past twenty years, the evaluation of clinical results after surgical intervention has trended away from using only clinician-centered objective measures and toward including patient-reported outcome scales; currently, there are more than twenty patient-reported questionnaires for measuring shoulder pain, function, and shoulder-specific healthrelated quality of life 1 . With many questionnaires from which to choose, investigators must determine which is most appropriate for their chosen research question. Given the movement toward patient-reported outcomes to evaluate the results of shoulder surgical procedures, it is important to understand how psychosocial factors and objective clinical measures of pathology relate to and influence patients' self-assessment of pain, function, and disability.
Multiple measures of mental health have been shown to negatively correlate with patient-reported shoulder pain and function. Patients with shoulder pathology and high scores on the Distress Risk Assessment Method (DRAM) 2 , Hospital Anxiety and Depression Scale (HADS) 3 , or Center for Epidemiological Studies Depression scale (CESD) questionnaires 4 report worse shoulder pain on a visual analog scale (VAS) and inferior Simple Shoulder Test (SST), Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, and American Shoulder and Elbow Surgeons (ASES) scores compared with non-distressed patients. Similarly, an inferior Short Form-36 Mental Component Summary (SF-36 MCS) score has been shown to be a significant negative predictor of the Pennsylvania Shoulder Score in patients with rotator cuff tears or shoulder arthritis 5 . Commonly used measures of rotator cuff tear severity include the size of the tear from anterior to posterior, the number of tendons involved in the tear, the distance that the tendon edge has retracted, and the degree of atrophy of the involved muscles. However, the correlation of these measures with patient self-assessment of shoulder pain and function is variable. For patients with full-thickness rotator cuff tears, Dunn et al. found that tear severity did not correlate with pain at preoperative evaluation 6 . Similarly, tear size and tendon retraction did not correlate with preoperative ASES or Western Ontario Rotator Cuff Index scores in other studies. Patients with massive tears (defined as three-tendon involvement) did report lower ASES scores than patients with isolated supraspinatus tears 7 . By contrast, a number of patient characteristics other than tear morphology, including sex, level of education, shoulder range of motion, number of medical comorbidities, and body mass index (BMI), have been shown to influence preoperative shoulder health-related quality-oflife measures 5, [7] [8] [9] [10] . Given the uncertain relationship among objective pathology, mental health, and self-reported shoulder outcome scores, we aimed to determine which factors are associated with preoperative VAS for shoulder pain and function and SST and ASES scores for patients with full-thickness rotator cuff tears. We hypothesized that mental health as assessed by the SF-36 MCS would show a stronger association with patient-reported shoulder measures than tear morphology on magnetic resonance imaging (MRI). We also hypothesized that morphological tear severity would be more highly correlated with patient-assessed VAS for shoulder function than with the VAS for pain, SST score, or ASES score.
Materials and Methods
Study Design P atients diagnosed with symptomatic full-thickness rotator cuff tears on shoulder MRI were prospectively enrolled. Our institutional review board approved the study before enrollment commenced. All patients were enrolled by a single surgeon (R.Z.T.) between September 2009 and July 2014. The study was compliant with the Health Insurance Portability and Accountability Act (HIPAA). Inclusion criteria were patient age of eighteen years or older, an MRIconfirmed full-thickness rotator cuff tear, and documentation of a complete pre-treatment evaluation. Exclusion criteria were patient age of younger than eighteen years, partial-thickness rotator cuff tears on MRI, pregnancy, Spanish as the primary language, a diagnosis of rotator cuff tear arthropathy, or an incomplete patient evaluation as described below.
Patient Evaluation
On enrollment, patients completed SF-36, VAS for shoulder pain, VAS for shoulder function, SST, and ASES evaluation forms. The SF-36 measures eight specific domains of general health-related quality of life and two composite scores, the Physical Component Summary (PCS) and the MCS. The mean score (and standard deviation) in the general non-patient population is 50 ± 10 points. Higher scores correspond to better health-related quality of life 11, 12 . The MCS was chosen as a validated measure of patients' mental health that could impact shoulder-specific health-related quality of life. The VAS for pain measures pain from the affected shoulder from 0 to 10 points, with 0 points representing no pain at all and 10 points representing pain as bad as it can be. The VAS for shoulder function measures the function of the affected shoulder on a scale from 0 to 10 points, with 0 points indicating that the patient can use the shoulder easily and 10 points indicating that the patient cannot use the shoulder at all. The SST is a patient-reported outcome measure that asks the patient ten yes-or-no questions about the ability to perform functions with the shoulder and activities of daily living and two questions about the comfort (pain) level in the shoulder. Each response of yes is given 1 point, with higher scores representing better shoulder function 13 . The ASES *The mean number of tendons torn was 1.6; 91 patients (54%) had one torn tendon, 62 patients (37%) had two torn tendons, and 16 patients (9%) had three torn tendons. †The values are given as the mean and the standard deviation, with the range in parentheses.
score is a validated, reliable, and responsive measure of shoulder function and pain. Fifty percent of the score is determined by a VAS pain score as described above. The remaining 50% of the score is determined by ten questions that assess sports participation and activities of daily living on a Likert scale. The total score ranges from 0 points (debilitating pain, poor function) to 100 points (no pain, normal function) 14 . Important risk adjustors were collected, including a medical comorbidity questionnaire. The patients were asked a series of binary (yes-or-no) questions with regard to the presence of comorbid medical conditions. This list of questions is included in the Musculoskeletal Outcomes Data Evaluation and Management System (MODEMS) comorbidity questionnaire for the shoulder or arm 15 . Patient height and weight were collected to calculate BMI. Patient sex, age at the time of diagnosis, Workers' Compensation status, smoking status, and whether the patient underwent operative intervention were recorded.
All patients had shoulder MRI performed as part of their clinical evaluation. MRI was done on a Siemens 1.5-T Avanto system with use of a dedicated shoulder protocol. Three of the authors of this study (R.Z.T., J.D.W., and T.S.) read the shoulder MRI without knowledge of other patient factors. Tear characteristics, including tear size, tendon retraction, tear area, and the number of torn tendons, were recorded. Tear size was measured in centimeters as the anterior to posterior distance of the bare area on the tuberosity footprint on T2-weighted sagittal images. Tendon retraction was measured as the maximum distance from the tendon edge stump of the supraspinatus to the lateral aspect of the greater tuberosity tendon footprint on T2-weighted coronal images. Tear surface area was calculated as the tear size multiplied by the tendon retraction. The number of torn tendons was defined by summing each tendon (subscapularis, supraspinatus, and infraspinatus) involved in the full-thickness aspect of the tear; partially torn tendons were not included. Differentiating the supraspinatus from the infraspinatus was done at the discretion of the image evaluators. A tear of >2.5 cm in the anterior-posterior width was considered to involve the infraspinatus.
Statistical Methods
The significance of differences in means of continuous variables between two groups was determined by the Student t test. When there were three groups, an analysis of variance (ANOVA) was used with a post hoc Tukey test for significance between groups. The difference in categorical variables between groups was determined by the Pearson chi-square test. Bivariate correlations were determined by Pearson correlation coefficients. Multivariate linear regression models were built with categorical variables coded as dummy variables (i.e., for sex, 0 represented male and 1 represented female). Models included patient age, sex, BMI, number of medical comorbidities, Workers' Compensation status, smoking status, SF-36 MCS scores, and measures of rotator cuff tear morphology as predictor variables. VAS for shoulder pain, VAS for shoulder function, SST score, and ASES score were dependent variables. Individual models were built for tear size, tendon retraction, tear area, and number of tendons torn. Preliminary data analysis targeted applicability of linear assumptions. The final analysis used multivariate general linear modeling with block entry of all predictor variables and the four shoulder scores as dependent variables. Regression coefficients are reported. Significance was set at p < 0.05. 
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Results

Patient Cohort
T he cohort consisted of 169 patients prospectively enrolled at diagnosis of their full-thickness rotator cuff tear by a single surgeon (R.Z.T.). During the entire study period, this surgeon had 429 total patients diagnosed with a full-thickness rotator cuff tear. Of the 260 patients who were not enrolled, seven declined enrollment, 185 were unable to be enrolled because of scheduling conflicts with study personnel, and sixty-eight were excluded because of the above exclusion criteria. Of the included patients, fourteen (8%) had Workers' Compensation claims, seventy-six (45%) were active smokers, and 123 (73%) underwent a surgical procedure to repair the tear. There were thirty-four female patients (20%) and 135 male patients (80%). The mean number of medical comorbidities (and standard deviation) was 2.4 ± 2.1 comorbidities, and the range was zero to ten comorbidities: thirty-six patients (21%) had zero comorbidities, thirtytwo patients (19%) had one comorbidity, twenty-nine patients (17%) had two comorbidities, thirty patients (18%) had three comorbidities, sixteen patients (9%) had four comorbidities, thirteen patients (8%) had five comorbidities, and thirteen patients (8%) had six or more comorbidities. The mean patient age was 62.3 years (range, thirty-three to eighty-one years). The mean patient BMI was 29.9 kg/m 2 (range, 18 to 50 kg/m 2 ).
Patient-reported measures and measures of the severity of rotator cuff tears for the cohort are reported in Table I (Table II) .
In all multivariate models (Tables III and IV) , the SF-36 MCS had the strongest associations with the VAS for shoulder pain, the VAS for shoulder function, the SST score, and the ASES score (all p < 0.001) (Tables II and III) . BMI correlated with SST and ASES scores but not with the VAS for shoulder pain or VAS for shoulder function. Workers' Compensation claims correlated with worse VAS function but were unrelated to other measures. All morphological measures of tear severity correlated with the VAS for shoulder function. Individual risk adjustors may have shown nonsignificant associations due to lack of statistical power. For example, we had only thirty-four female patients and fourteen patients with Workers' Compensation claims in our cohort.
Discussion
T he objective of the study was to compare the relationships between patient mental health and objective measures of rotator cuff tear size with patient-reported outcome measures (shoulder pain, function, and shoulder-specific health-related quality of life). In our cohort of patients with full-thickness rotator cuff tears, we found that the patient's mental health as assessed by the SF-36 MCS had the strongest association with several common preoperative patient-reported measures of shoulder health, including the VAS for shoulder pain, VAS for shoulder function, SST score, and ASES score. Measures of tear severity on MRI were not as strongly associated with patient selfassessment on the same scales. The MCS was the only significant predictor in our multivariate models that would lead to a clinically important change in the shoulder scores tested. Although the regression coefficients were small, a change of 15 to 20 points in the MCS would lead to clinically important changes in the VAS for pain, the ASES score, and the SST score, as determined by the minimum clinically important differences in these scores. Morphological tear characteristics were correlated with patientreported VAS for shoulder function but did not correlate with pain or health-related quality-of-life metrics.
As assessment of outcomes of orthopaedic care has shifted from relying solely on more objective physicianreported outcomes measures to inclusion of patient-reported outcomes measures, there has been growing interest in the role that psychosocial factors play in shaping patient self-assessment of pain and function 2, 3, 16 . Greater levels of psychological distress, depression, and anxiety and lower mental health scores are correlated with inferior patient-reported outcomes among patients with a variety of musculoskeletal conditions 2, 5, [16] [17] [18] [19] . Structured psychological interviews would be the gold standard in evaluating patient mental health, but these are unrealistically time-consuming in the typical outpatient setting of clinical orthopaedic evaluation. Other studies have used alternative patient-reported scales for mental health [20] [21] [22] [23] . In this study, we relied on the SF-36 MCS, which can also be obtained from the Short Form-12 (SF-12) 12, 24 . Using the SF-12 to obtain the MCS would result in a lower respondent burden compared with alternative scales measuring mental health. In addition, the SF-36 and the SF-12 have been used for years to evaluate orthopaedic patients, making them an attractive option for comparisons across studies and time periods 11 . Another study determined the MCS to be a significant predictor of inferior preoperative Pennsylvania Shoulder Scores in patients with shoulder disease 5 . Here, we have further shown the SF-36 MCS to have a strong association with patient-reported shoulder measures in patients with fullthickness rotator cuff tears. Additional future studies are required to determine whether the MCS plays a similar role in predicting response to treatment or outcomes after rotator cuff surgical procedures.
Although SF-36 MCS scores showed the strongest association with patient-reported shoulder pain and function in our cohort, tear severity on MRI also significantly correlated with the VAS for shoulder function, although not with the VAS for shoulder pain. Tear size may correlate more with function because of other factors affecting pain such as concomitant shoulder abnormalities. The size of the tear may be more directly correlated with function, but many other factors contribute to the patient's pain level. This finding aligns with the results of Dunn et al., who concluded that morphological characteristics of tear severity did not correlate with scores on the VAS for shoulder pain 6 . In our study, morphological measures of tear severity were less predictive of SSTand ASES scores. This is likely because of the weighting of pain in determining these scores. The VAS for shoulder pain contributes half of the total ASES score, with the other half derived from questions that assess shoulder function 14 . Similarly, the SST includes two questions on patient comfort (pain) and ten questions on ability to perform activities (function) 13 . Thus, both scales may be more sensitive to pain and less sensitive to function compared with the unidimensional VAS for shoulder function.
Prior studies showed that other patient factors including BMI and medical comorbidity correlate with patient-reported shoulder measures; however, some of these studies did not control for mental health status, a potentially important confounder on the basis of our results 5, 8 . In a population of patients with full-thickness rotator cuff tears, Tashjian et al. found that the number of medical comorbidities was correlated with the SF-36 MCS, but they did not include the SF-36 MCS in their multivariate models assessing the effect of patient characteristics on outcome scores 8 . Although our bivariate analysis found correlations between medical comorbidity and the VAS for shoulder pain, the ASES score, and the SST score, these relationships did not remain significant when the SF-36 MCS was included in our multivariate models. The differences between bivariate correlations and the multivariate model are likely due to intercorrelation between the predictor variables. Although medical comorbidity and mental health may co-vary, mental health may be a more important predictor of baseline shoulder scores. In our multivariate models, BMI continued to be a predictor of the ASES and SST scores, supporting prior reports that higher BMI correlates negatively with patientreported shoulder measures 5 . There were several limitations to this study. This was a cross-sectional analysis of a prospectively collected cohort, allowing us to determine associations but not causal relationships between patient factors and shoulder outcomes. During the recruitment period, 429 full-thickness rotator cuff tears were diagnosed, but only 169 were enrolled in the study, suggesting a selection bias. Given this bias, the cohort may not have been fully representative of the entire patient population in our practice, which also includes patients with symptomatic rotator cuff tears not confirmed by imaging. The use of tear area as a morphological measurement of rotator cuff tears was limited by the fact that tears do not generally have a quadrilateral shape. Given the variation in tear shapes that we see clinically, it may not be a great measure of tear severity. However, it is designed to take into account both the size of the tear and the amount that the tendons have retracted in a single variable. Because this study only shows patient data prior to surgical intervention, we cannot draw conclusions about the effect of mental health on outcomes; follow-up of this cohort will investigate the impact of mental health on postoperative shoulder scores and will examine whether surgical correction of shoulder pathology influences mental health.
In conclusion, patient mental health assessed by the SF-36 MCS had a stronger association than the other variables tested with patient-reported shoulder pain, function, and shoulder-specific health-related quality of life among patients with an MRI-diagnosed full-thickness rotator cuff tear. Morphological tear severity was associated with patient-reported shoulder function but not with patient-reported shoulder pain. The SF-36 MCS may represent a valuable risk adjustor in studies investigating the treatment of rotator cuff disease. Further research is needed to understand the relationship
